Copper oxide is a low cost material, easy process fabrication and sensitive to ambient conditions. It is a suitable p-type semiconductor oxides material to be used as a gas sensing material. In order to optimize the sensitivity of the copper oxide gas sensor, study on the correspondence in between the coated thin film with coating parameters is an important part. In current study, optical emission spectroscopy is used to investigate the reactive magnetron sputtering plasma during the deposition of copper oxide thin film. The measurement point was focused at roughly 2 cm above the substrate holder. The emission of copper, oxygen and argon in the reactive magnetron sputtering were observed at various plasma conditions. In general, the emission of copper, oxygen and argon increased when the dissipation r.f. power is increased. On the other hand, oxygen line intensity was found to be excess when the oxygen flow rate was at 16 sccm and dissipation r.f. power above 300 W.
Introduction
Copper oxides are one of the p-type semiconductor oxides that have being explored for various applications. This is because the initial material copper, Cu, natural abundance, easiness to produce Cu oxidation, non-toxic nature and realistically good electric properties [1, 2, 3, 4] . Copper forms two type of oxides which is called cuprous oxide (Cu 2 O) and cupric oxide (CuO) [5, 6, 7] .
Cupric Oxide (CuO) characteristic comprise of p-type semiconductor, narrow band-gap of 1.2eV and low resistance value [8] . Up to date, CuO has been tested on various gases such as NO 2 , CO, CO 2 , H 2 S, ethanol and methanol [9, 10, 11] . It has been reported that a p-type semiconductor gas sensor will increased its resistivity while decreased its conductivity when it is exposed to reducing gaseous species [11] . One of the simplest techniques to deposit the CuO is through reactive magnetron sputtering using solid Cu target.
Nevertheless, in order to control the deposition of copper oxide thin film, a thorough investigation on the reactive sputtering plasma during the deposition is necessary. The present studies will be focusing on the investigation of the reactive magnetron sputtering plasma using optical emission spectroscopy (OES) technique. The copper, oxygen and argon emission in the reactive magnetron sputtering will be assessed at various plasma conditions.
Experimental Setup
In this work, reactive magnetron sputtering machine was used for the CuO thin film deposition. The sputtering target was a 3" diameter solid copper target (99.99% purity) and gases that will be used are high purity argon as the sputtering gases and oxygen as the reactive gases.
The working pressure and the argon flow rate were fixed at 22.5 mTorr and 50 sccm respectively. The oxygen flow rate and the r.f. dissipation power were varied in order to obtain several conditions to be analyzed. The parameter used for this work is summarized into Table 1 . The experimental setup for OES measurements is shown in Fig. 1 . The measurement point of the plasma was focused at approximately 2 cm above the substrate holder. The optical emission was collected using a fiber optic that is connected to the Ocean Optics HR4000 spectrophotometer. The detection range of the OES was in between 200 nm and 1200 nm. The emission integration time was 100 ms and 300 ms depending on the emission intensity. Fig. 1 , Experimental setup for optical emission spectroscopy measurement in reactive magnetron sputtering plasma using copper target. Figure 2 shows the typical result of OES measured with and without the oxygen reactive gas. The dissipation rf power was fixed at 600 W. As show in Fig. 2 , the argon emission ranging between 700 -900 nm was significantly observed when the oxygen gas was introduced into the plasma. On the other hand, the copper emission ranging between 500 -600 nm drastically decreased when the oxygen gas was introduced into the chamber. In order to understand the influence of oxygen gas towards the reactive reaction in copper sputtering plasma, the optical emission at various dissipation powers was measured. Figure 3 shows the emission intensity of argon, copper and oxygen at various dissipation rf powers. The oxygen flow rate was fixed at 8 sccm. The emission intensity of all lines was normalized for the sake of comparison on the influence of dissipation rf powers. As shown in Fig. 3 , the argon and copper emission increased when dissipation rf power increased. This is generally understood since the sputtered copper and excited argon population in sputtering plasma increased
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Nanoscience, Nanotechnology and Nanoengineering with the dissipation r.f. power. While for the oxygen emission, it does not show any changes in its emission intensity. The oxygen emission was almost undetected when the oxygen flow rate was adjusted to 4 sccm. The oxygen emission in Fig. 3 suggests that the production of excited oxygen atom and the consumption of oxygen atom to formed CuO or Cu 2 O were balanced at 8 sccm of oxygen flow rate. Figure 4 shows the details of oxygen emission at various dissipation r.f. powers and oxygen flow rates. As mentioned previously, the oxygen emission at 4 sccm of oxygen flow rate was almost undetectable, even though the dissipation power was increased to it maximum value of 600 W. At 8 sccm of oxygen flow rate the oxygen emission was almost unchanged with the dissipation rf power. However, excessive intensity of oxygen emission at 16 sccm of oxygen flow rate was clearly shown in Fig. 4 . The oxygen emission increased steadily with the dissipation rf power. These results suggest that there are significant effects of oxygen flow rate during the deposition of copper oxide thin film in this sputtering deposition chamber. 
Conclusion
The optical emission spectroscopy of argon, copper and oxygen was successful measured in copper sputtering plasma at various oxygen flow rate and various dissipation rf power. Significant effect of oxygen flow rate and dissipation rf power was observed in oxygen emission spectroscopy analysis. These results will be a good indicator for optimizing the deposition of cuprous and cupric oxides thin film using reactive magnetron sputtering plasma system.
